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Sight and Sound: Generating Facial Expressions and Spoken Intonation
from Context
Abstract
This paper presents a model for automatically producing prosodically appropriate speech and corresponding
facial expression for agents that respond to simple database queries in a 3D graphical representation of the
world. This work addresses two major issues in human-machine interaction. First, proper intonation is
necessary for conveying information structure, including important distinctions of contrast and focus.
Second, facial expressions and lip movements often provide additional information about discourse structure,
turn-taking protocols and speaker attitudes.
Comments
Copyright 1994 IEEE. Reprinted from Proceedings of the second ESCA/AAAI/IEEE Workshop on Speech
Synthesis, 5 pages.
This material is posted here with permission of the IEEE. Such permission of the IEEE does not in any way
imply IEEE endorsement of any of the University of Pennsylvania's products or services. Internal or personal
use of this material is permitted. However, permission to reprint/republish this material for advertising or
promotional purposes or for creating new collective works for resale or redistribution must be obtained from
the IEEE by writing to pubs-permissions@ieee.org. By choosing to view this document, you agree to all
provisions of the copyright laws protecting it.
This conference paper is available at ScholarlyCommons: http://repository.upenn.edu/hms/40
 
	 
ﬀﬁ	ﬂﬃ !	"#$	%'&'(*)+ﬀ,ﬃ,ﬁ,-	. )/01
2
ﬃ	ﬂﬃ3546+7 89ﬃ:(
;=<?>$@BADCFEHGBA/IJALKM<ONP@#<?Q#R'<SGTRVUﬃNXWY>$>ZI[C$AD\+W^]3>
;WY_'`BQB>FADC*<SGTRbacGﬁdeWYC$_f<?>$EgWOGhUﬃNXEgADG#NXA+iﬃj!GkEH\+ADCl]3EH>mW?dIJALGBG#]3mﬃKH\Y<?GBEM<
nOoOo
U+WOQB>F@hpYpSCPRhU+>$CFADAD>LiBI[@BEHKq<ORﬁALKH`B@BEq<ﬁikIﬀrtsDuﬃs
oSvYwcx
pOyYuBiJjUﬃr
acGﬁ>FADC$GBAL>NXWYGﬁ>l<ONX>Lz[`BC$AD\+W^]3>6{!KgEHG#NY|}NXEq]X|~Qk`:ALGBG|~ARﬁQ
ICFADKHEg_'EHGT<SC$mRﬁCP<Dde><YNDNXAD`k>$A?RdeWYC!`kC$A?]ADGﬁ>l<S>FEHWOG<?>>$@BAU+A?N6WOG#R

UB;=r?a
1

WOCFB]@BWO`WOG9U+`#ADA?NP@U+mﬃGﬁ>F@BA?]3Eq]
Ł B##*ﬀF
?}BYPOﬀ?eDeﬂJ *¡?¢D3£D¤g¡6#¦¥?e¡X ZP¨§P£}£}©ﬂ?¡?¢D¥Y§c}?ªSe¡6¡?¢D¨§P£}£}©=PS?e¡X?e~«
PY$§ePY¢§c¡Xee3eO¡6Y¢D}?ª¤q6§c¨¦£L­¬See}¡6¤g¡X#Pª63L#eOPBeY¡XY¢e¡[® !?£}
¢?PcP¯Y¦e=°X¥?3e}[}±!²6³Vª6´¦??¨§¦£ﬃe3?eD´¦e}¡6¡¦¤T?µ¡Xe£¨¢+¶ﬀ?}ﬂµﬀ¡6·±X¢X«
¢De3ee3#Mµ¡J Z¸­¡6+}e¥?#}D¥? PD«M ZX§eS®Sﬃ}Dec6§c®¡Xﬃ¶ﬃ¹ﬁ}eFºP?¡6O#}De¡XYP®¡X
}?F§c3e´¦e©¤g¡6=§­¡6D»6©D}?ª}D¤g¡Xe Z¦e}¡6ee¥O§ce¥?6ºﬀ}Y§c£}¥Y¢D}?ª} *O¡6´PD¢D}e}Y§«
e}¡6S¡¦¤k§c¡6DecPPO¢¤g¡?§c¥?$¶#¼DF§c¡XY¢+º¤q6§c¨¦£Yc¬??e}¡6?[PY¢½£®} !¡P»6 !De#¡¦¤ge
?e¡P»D¨¢DﬂX¢?¢D}e}¡6OP£?}D¤g¡Xe Pe}¡X¦¯Y¡X¥?¢D}´§c¡X¥?ee¥Y§ce¥Se6ºSe¥?D«qcP·D}?ª?¡6¡§­¡6£}
PY¢½eOFP·X¦e®¥Y¢D1¾´¿ÁÀ3Âeº+¿ÁÃ3ÂÄº+¿}Å3Æ$ÂÄº+¿}Å$Ç3ÂÉÈ3¶
?[}De¡XYP®¡Xª6S´¦e}¡6! *¡?¢D£O}¯Y¦eF¢!¡XZÊﬀ¡6 ¯S®OPe¡Xe©=Ê¦eªX¡6Ë¦£^Ì´P ½«
 Z¦+¾qÊÊÌÍ§´¤´¶#¿ÁÎ6Ï3ÂgÈºP:¤g¡Xe P£}}e ÐµSË§[F¦e}£}©ﬂ}DeªX´Pﬃ?#?¡Xe}¡6S+¡P¤?e©DD´X§ce¨§
§c¡6See}¥?Y§c©Dº?Se¡6¡?¢D¨§[??cPe}?ª*¦Y¢}D¤g¡Xe Pe}¡X=ee¥O§ce¥?6¶[Ñ¦eF¢¡Xe?=ÊÊÌ
ª6cP * *¦FºP[® !?£}Ò¢®c§c¡6¥See[ !¡¢£YPO¢=¢D¡X Z¦®«q}Y¢D3YO¢DDB·LS¡Pµ£®$¢Dª6¯Y¦e6º
e?[©Le 
?¡¢¥Y§cJeO¡6·63ZeO¡6Se[e¡¢?¦´P¯OPe°X¥?}µ}eP?Se¡6Se¨Pﬂ}D«
e¡XYP®¡Xﬃ¶ﬂÌ[}»XeS=® !}?ª6:¤g¡6J??¡X? *3PO¢}L¡6Y¦e}¡6OP£ﬃS??¡X *Y}?
eOF§*µ$»6Xº6µﬀ?e¡?¢D¥O§cﬂ?F§c}eJeOF§c~Ó^§¦e}¡6S#¤g¡XBª6?3´P}?ªeSﬂ£}}= !¡P»6 !De
PY¢1¤M6§c¨P£Sc¬??ee}¡6S¤g¡X[ª6cP?SË§3P£O *¡?¢D£?¡¦¤kD¥? P?FX¢+¶#Ô¥?£}e:¤ge¡X Õ¡6¥?
§c¥?eD[} *?£} !D´P}¡6*¢D !¡6?ecPe1e?e©De /Ö [P¯?}£}}M©*e¡!ª6S´¦e»6P}M©
¡P¤Y}De¡XYP}¡6Y¦£6O¡6e}¯?}£®}®3kPO¢J¤q6§­Ë¦£?P?} Z¦e}¡6S?¤g¡X#ﬂªX}»6DeO§c¢D3YO¢D}?ª
¡6!e?=¢®c§c¡6¥See§c¡6De­¬$¶
×B»D}¡6¥?ﬀµ¡Xe·}?ﬂPF¡¦¤^}De¡XYP}¡6ª6?3´P}¡6}Y§c£}¥Y¢D3#e¥Y¢D}ﬀ¯L©Be·X
Å
¾´¿ÁÎ?ÅÂgÈ3º ¡X¥?ª6De¡XﬃºM´Pc¢PY¢×ﬁFPe¡Xf¾q§´¤´¶/¿}ÅXÅÂÉÈ3ºﬃ³[$»D®¦Y¢ }ec§L¯OªÐ¾M§¤´¶¿$Âeº
¿}ÅFÏ3ÂgÈºBPY¢+X§YPe·DP£M¶¾c¿ÁÎ6²$ÂgÈ3¶Ñ#S¡6}P£M¶¾´¿}ÅÂgÈº#Ñ:e¡D¡X·6¾c¿ÁÎ3ÂÉÈ3ºkÊﬀ¡X? 
P£M¶J¾´¿ Æ$ÂgÈº }£}£+P£M¶J¾´¿	3ÂgÈº
 µ}ﬂ[P£M¶[¾´¿}Å$Î3ÂÉÈ¦Y¢B¡6O¡6¥?£}¡XﬂP£M¶J¾´¿ÁÎXÎ3ÂÉÈ Y$»6
µ¡Xe·XF¢¡XZ£}}*©DY§?e¡X?FP®¡Xµ®*Y$§eﬁ¶
  ﬀﬁ1=ﬃﬂ[ﬀ­½
?#?e3L:YPOB?e3eDeP1® !?£} De$¢ﬂ©Dee3 9eOPk¦??£}}ﬃ?ÊÊÌ'e?3¡6e©
¡P¤??¡6e¡?¢D©[¡X¥?e£}}?F¢J}*¿ÁÎ6Ï3ÂeºD¿}ÅFÃ3Â¦Y¢¿}Å	3ÂDe¡Je?#?ﬀ´P·[¡P¤?eOF§c~¤g©D}?ª§­¡6Dec¬?¥YP£}£}©
P?Se¡6Se¨P=}De¡XYP®¡X¦Y¢¤qX§c¨P£#P?} Pe}¡X*¤H¡6Y¡X·6eO¡6?*¡¢?PcP¯Y¦e
°X¥?e}$¶B??¡?§ceJ¯Y3ª6}?µ}e¤g¥?£}£}©=ª6 !DeF¢PO¢*Se¡6¡?¢D¨§P£}£}© ¦??¡X´PF¢
eSeD´P}¡6¡P¤ﬃ[eO¡6·XZ°X¥?3e©Dº?P#?¡Pµ*}c¬YP !?£}ﬂ¾cÅFÈ3¶ !?£}¡P©=[® !?£}
¯Y¡Xe¡6 «M¥?[eS ¤HM«MeF¢D¥O§cYPeﬀe¡J¨¢DDe~¤g©?ﬀe PDe¨§cB¡P¤Oe?ﬂ°X¥?e}¡6ﬁº6¢D}»DË¢®Sª
}®D¡*e¡6SË§J¡X! e? !#"*PY¢!§c¡6 ! *D#¡X! e? !#"Yº?¦Y¢ Z¦e·D}?ª$ Ä¤g¡?§c¥?e$¢%"
}e !#µ}e$&?º?¦e?¡Pµ}¾MÎ6È¶
¾´Å$È'ﬀ·D?¡PµfµY¦e?)(+*-,´§¦}#¤g¡XFº
¯S¥?/.1023(+0§c¡6Y¢®}¡6Z¢¡L3546287*9;:=<>23<6¢?¢e@?

Aﬀ 5& 
 5B  C& 

D
¾qÎXÈ ×Be¡XY¡Xe}e}¡XEﬃFGIH%JLK%MONOJP@QﬃRTSVUXWYN+ZL[+ZVULWﬃP;Q\$]^J_N-N%`+a%F%FbP#cXdO`+ZWeJ%H_fOF%Z%FR)Qb\%\
? !VEﬃFGIH%JXK-MONOJP;QgRTSVUXWONeZL[+ZVUXWgP;Q\$]^J_N%N-`+a%F%FPhcXdO`+ZiWjJ%H_fOF%Z%FR)Q\-\Lk
PiFGlJ_N%N%`+a-F%FP#cXdY`+ZiWeJ%HVfjF%Z-FR)Q\LkXW-m/GnQ\
Ô?3 *VEoFGlJ_N%N%`+a-F%FP#cXdY`+ZiWeJ%HLf+F%Z-FR)Q\LkXW-m/GnQ
?ecPe3ª6¨§ªX?cPe}¡X *¡?¢D¥?£}Y¦eS´P·/¡¦¤ ¢e *}?}?ªeSe PDe¨§c
PY¢ ®¤g¡6 ZP}¡6Ðe¥Y§ce¥SeÐ¡¦¤=eS/eO¡6?6º P·L}?ª¤g¡?§c¥?F¢}e !*¯Y¦eF¢b¡6
PfP£}ªX¡6e}?  ¢Dc§ce}¯OF¢}9¿}Å	3Âe¶h¹?¡X*?/°X¥?e}¡6fªX}»6f}¾´Å$Èº?eecPª6¨§
ª6S´¦e¡61?e¡?¢D¥Y§­e?½¤g¡6£}£}¡Pµ}?ªe3?eD´¦e}¡6 ¤g¡X?*eO¡6Se6º:¯YF§3P¥?Z?
e?3 *#}5 µYPﬁ¥?e}Y¦£}©L}k6¢S¢Dee"YºD?? !#}p ? Pe¥Se¨L"OºPY¢1e?§c¡XLc¬?
}Y§c£}¥Y¢Dﬂ¦£}eYP®»X§c¡6Y¢®}¡6?PY¢!eF¦e *3LE
¾q²XÈ ×Be¡XY¡Xe}e}¡XEﬃFGIJ_N%N-`+a%F%FPhcXdO`+ZiWjJ%H_f+F%ZVFR!cXqaiKjJ_[_dO`+ZXJ+\
? !VEﬃFGIJ_N%N-`+a%F%FPhcXdO`+ZiWjJ%H_f+FVZ%FR1Q\LkXW-m/GnQ
Ô?3 *VErW%msGIcXqaiKjJ_[_dO`+ZXJ
¹Se¡X  ?*¡X¥?eS¥?¡P¤ﬂ?*ecPe3ª6¨§ªX?cPe¡XFº:e?c6§cË§3P£ª63?´¦e}¡6 !¡?¢D¥?£}
¾q¢D3´§c®¯OF¢½®¿}ÅFÃ3ÂgÈﬁ?e¡?¢D¥O§c[ee}?ª[¡P¤+µ¡X´¢DﬀPY¢×B}eD¥? ¯OeÄ«qM©L£} Pe·D}?ªX
eSeDe}?ª*?eO¡6?6º+P?¡Pµ®¾gÆDÈ¶
Î
¾gÆDÈ'462 7*9;:=<#2 <=X¢?¢De3ee3p0
 
*,4628*

Aﬀ 5& 
 CB  C&1

D
? ÓYY¦£^¦eOF§c¡P¤ﬃY3F§ª6S´¦e}¡6!®D»X¡6£}»6B´PSe£¨P®Sªe¥Y§[ee}?ª}De¡=
¤g¡6  ¥?cP¯?£}[¯D©*e¥?}´¦¯?£}ﬂY$§ee©DDeSe$¶ﬀ?§c¥?eDﬂ} *S£®3 *D´¦e}¡61¥?e
e?Ñ:£}£p
ﬁP¯O¡6´¦e¡Xe}ﬂ¼'©Le 5¿}ÅF²3ÂP*O¡6eÄ«qSe¡?§ce¡6¡e©DDe?/?
eOF§µÒ$»XﬂPY¢Se¡?¢D¥Y§cJ?e$§c}e[e} *}?ªJeOF§c~Ó^§¦e}¡6Sﬀ¤g¡6#S?¡6?3 *$¶ﬃ?[¢D¥?c$«
e}¡6Y$§c~Ó^§P}¡6?ﬂ¦e[e?3±¦??¡X´PF¢µ}*?}´§6§§c3LOF¦·Lﬂ¦Y¢}De¡XYP}¡6Y¦£
¯Y¡X¥?Y¢?¦e}¯Oc¤g¡Xe¯O}?ªeDﬂ¡e?¦?} ZP}¡6e©De 
¤g¡6Se¡?§ce}?ª¾c¿Á²3ÂÉÈ3¶
¼DcPe}?ª¤g¡6  1¤g¥SY§ce}¡XYP£+ªXe¡6¥S¾g£}}eY¦Y3FºY§­¡6D»6´¦e}¡6Y¦£ﬃ®ªXYP£MºX?¥?Y§­e¥Yl«
e¡XFºPª6¥?£¨¦e¡6:¡6B Z¦?}?¥?£¨P¡6´È3ºµﬀ¡+¦£®ªX¡6®? *ﬁµ?¨§=}Y§c¡XeO¡6cPe©DY§?e¡XL©
¿ÁÇ3ÂÄºP§cFPﬂ§c¡L¦eË§­¥?£¨Pe}¡X+F§ce$ºD *¡Xe}¡6OP£Pe}ªXYP£}FºP¦Y¢3©6PY¢1?FX¢ !¡P»6 !De
¾´¿}Å3Âeº?¿}Å$À3ÂÉÈ3¶J¥?#¥?£}#ª63?´¦e[P¥?¡6 Z¦e¨§¦£®£}©?ﬀ¤q6§­Ë¦£?6§c®¡X?#§c¡6eY¡XY¢D}?ªe¡
P}?S¥?ﬂ¥?ecPY§­6¶	 §c¡6D»63e´¦e}¡6OP£ﬃ}ª6Y¦£#¾g !¡P»6 !De¡?§§c¥See}?ª¡X/6§§­DeFº
£}®·XﬂcP}e}?ª¡¦¤T3©6¯?¡PµﬂÈ´PePO¢*3Y¢Dﬂµ}Z?6§§c3LF¢µ¡X´¢
Sµ?}£®[?¥SY§ce¥«
P¡6ﬀe}ª6Y¦£}ﬂ¾He¥Y§P *}£}®SªLÈB§c¡6}Y§­Ë¢ﬂµ}eY¦¥?e$¶#Ñ#£}}?·D}?ª®ﬀe©DY§?¡6?$¢P
e?S?¡6?3 *£}»63£q¶  $6¢S¡¢=PY¢YP·XP?OFP¡6ÐX§§cDPY¢OP¥?6¶?
?FX¢¡¦¤e?eOF¦·6¥?eS=$µÒ$©!¤g¡6 ?=£}}e?P[e?¯Oª6}??}?ª!¡P¤ﬂYF¦·X«
}?ª=¥?ePY¢¥?eSﬂe¡PµPc¢!e¡*?£}}e?[Pﬂ3Y¢¡P¤YF¦·D®Sª*e¥Se¡e}ª6Y¦£k
§YP?ªX[¡P¤k¥?eﬁ¶
?§c¡6 !?¥?´¦e}¡6 ¡P¤eS£}® eY¦Y}*¢D¡6S} ?e3/Y¦eF¶9×T?¡6?3 **¦e
§YPc6§ceF¢ ¯D©e?}¢DªXe¡P¤ﬂ¢Dc¤H¡6e P¯?}£}}M©L¶!¹?¡XF6§Ð¢D­¤g¡6 ZP¯S£®e3ª6 *3L$º
e?J?e¡Xª6cP 9£}¡D¡6·DB¤H¡6#?ﬂ?$Pe¯D©ª6 !D#µ?¡6¦ee¡?§c¨¦eF¢½£®}YPO}Y¥?3Y§c
}¥?}?ªe?[£}¡D¡6·X«eP?FX¢ !¡¢£
6?[?¡6Oe}ﬂ¡¦¤T ¥S´§c£}§­¡6Dec6§c®¡X?ﬂP[´P·X
}L¡6§§c¡X¥?D=}Mµﬀ¡µÒ$©DEYPË¦£}£®©Dº+¯D©6¢¸c¥See}?ª?*F°X¥?Y§c¡P¤ﬂ§c¡6Dec6§c}?ª
 ¥?´§­£®3~¤T¦D´PªX¡6?} !¡P»6 !De¾Hq¶ 6¶B !¡P»6 !De#µSË§!e?¡Pµ»6©¢D^Dﬂ£}}
Y¡Xe}e}¡X?ﬃ£}}·6#S¥Y§·6B *¡P»X *3L+»6e¥?:c¬?e?}¡6¡P¤Y?£}}?cÈ+e¥O§§cF¢½F6§¡6?

PY¢e !Y¡X´P£}£}©ﬂ¯D©S¡6e¨§c}?ªJ~¤^ ¥?c§c£}#Y¦k3?¡6¥?ªX=} *#¡§c¡XL´X§c¾geOF§c}»6£}©
e£¨l¬SÈ ¯Y­¤g¡6¾geOF§c®»X£}©l¤ge3´ÈJe?1e¥?e¡6¥SY¢D}?ª£}®YPO6¶J?¡6=Mµﬀ¡ ¥?´§­£®
§c¡6SeecP}DeﬂX§c¡6eSﬂÓOYP£B§c¡6 !?¥?´¦e}¡6¡¦¤k?£}}*eOPOF¶
  ½ZﬀP:F½
?e©De  ¢Dc§ce}¯OF¢P¯O¡P»6?e¡?¢D¥O§c°X¥?}eYP ¦Y¢'Y¦e¥?cP£~«Me¡6¥SY¢D}?ª¢D}M«
e}Y§c}¡6?¡¦¤k}De¡6OPe}¡XZ§c¡XL¡6¥?ﬂ¦ﬂµﬀ£}£ﬃP»D}e¥Y¦£}£®©*¢®e}Y§cﬀ¤M6§c¨P£ﬃ¦?} Z¦e}¡6?T¤g¡6
 *}?} *P£XYP}¡P¤k°X¥?®3F¶#S­¬S¦ *?£}:®!e?J¤g¥S£®£OY¦Y}£}£}¥?e´¦eﬂ?[e©De /Ö 
§POP¯?}£}}M©*¤H¡6[?e¡?¢D¥O§c}?ª/PS?e¡X?e¨P£}©/¢D+eDP¥Y¢®¡PY¢»D}e¥OP£#¡X¥?e?¥S[¤g¡6
e}?ªX£®[ee}?ª¡¦¤#µ¡X´¢D¥?O¢D[e?§c¡6De¡6£ﬁ¡P¤¢D^3e}?ª*¢D}´§­¡6¥?e§c¡6De­¬F¶ [¯Y­«
£}®3»6e?!e©De  ?e¡P»D¨¢D=±e¡6¥SY¢¯YP}[¤g¡61c¬??£}¡6e}?ª?e¡X£®¡¦¤ﬂ?e¡Xe¡?¢D©PY¢
¤q6§­Ë¦£Bc¬??ee}¡6S®D¥? PD«M ZP§?}?1®D´X§ce}¡6SFºBY¦ee¨§c¥S£Ë¦e£}©?¡6*}D»6¡6£}»D}?ª
P¥?¡6?¡X *¡X¥?#»D}ee¥OP£+D¥? Z¦*PªXDeF¶
²
 _[ﬃ1Z5	
¿}ÅcÂ=Ê[¶#Ñ#3?¡6}F¶ fD©e©DDeSecP£}·D}?ª¤qX§c@? M
	
ﬀﬁﬂﬃ! !"
#$%&'()*+ﬃ,(ﬁ	+ﬃ.-*ﬁ/'01º?OPª63ﬂÎ6Ç6²lÍÎXÇV?º ﬂ¥?´PSFºBÅ	_	6Ï?¶2#¼?Ê  ¶
¿ÁÎ$Â43¶65¶6Ñ:e¡D¡X·66¶BÊﬀ¡6 !?¥?e3kªX´¦??¨§cﬀe©DDe?}¡¦¤ﬃ´P£}·D}?ªJ¤q6§­F¶M7
	

8ﬀﬁ9ﬂﬃ! !":#$%&'(;<ﬃ,(ﬁ	ﬃ.-*ﬀﬁ=01º ﬂ¥Se´¦?FºﬁÅ	_	6Ï?¶'2:¼?Ê =¶
¿Á²$Â?>6¥?e}?ÊPe£}£MºÊPeSe}?×ﬁ£¨6§YP¥O¢+º@3¡6 Z¦ Ñﬀ6¢£®3FºA5¦e·f¼DF¢D Pﬃº
Ñ#e §?¡XeﬃºDB®S Ñ:F§·6$ºYÑ:eÒ³J¡X¥?»D®£}£}6ºP¼?§c¡Xe×Be3»6¡6Fº?Êﬀ?}*¼D$PﬃºDPY¢
5Pe?3µ ¼D¡6?X¶ ﬂ?} Z¦eF¢§­¡6D»6´¦e}¡6E ¥?£}c«q¯OPe$¢*ªX?cP®¡X*¡¦¤ﬃ¤qX§c¨P£Oc¬D«
?e3ee}¡XﬃºDª6e¥?PY¢½eO¡6·63*}De¡6OPe}¡X¤g¡6# ¥S£®}?£}Ò§c¡XD»6´P}¡6Y¦£^¦ª6De$¶
"B DCEﬃGFH8HI"9JLK0MSºﬃÅ	_	PÆO¶ﬃ¥?¯? *}eF¢+¶
¿ ÆPÂ45¨§YP£N5¶ﬃÊﬀ¡6S¦Y¢³ﬂ¡X *}?¨§C9¶!5¦ecPe¡O¶O5¡?¢D£}}?ª§c¡L¦ee¨§c¥S£Ë¦e}¡6®
e©DDe?3e¨§»D}e¥OP£ﬃY3F§ﬃ¶ﬀM/³¶?Y¦£} ZPS$3¶P5PªX?Y¦M«MYP£} P?ﬃºD$¢D}e¡6$º
 *QR(.S,T0@"8'QOU
/WV K*X ¶Y¼DSe}?ª63M«Y#e£¨¦ªYº+Å	_	6²S¶
¿ÁÇ$Â 9¶Á¼+¶PÊﬀ¡6Y¢¡6PY¢)9¶Á³¶Jª6e¡Xﬃ¶+¼DOF§Z¦Y¢¯O¡?¢D© *¡6}¡6[e©DY§?¡6D©=¡¦¤^?
eOFP·XM«M?F¦e$¶!M³¶  ¶ ¡Xee¡X¦Y¢7>Y¶ >Y¶P>63?·D®SFºﬁF¢D}e¡XeFº8Z[ﬁ9(ﬁ\	]('/*
8^!U*ﬁ_S'U
`3º?Y¦ª6Å$Ç6Ï$Í+ÅFÃ¦ÆY¶ §X¢D *¨§J×BeFºBÅ	XÀ?ÅX¶
¿$Â?>L¦ *³[$»L}PY¢>X¥?£}Ë) }´§D¯YªY¶ ﬂe}ª6?}?ª}L¡6Y¦e}¡6OP£S¤gFP¥?e3ﬂ}*©L«
e?3eF¢Y¡X·6*¢D}c§c¡6¥?e6¶jMaN
	*b&ANﬀﬁdcGe_/?"8''S'U*fﬁC7=gb4Nﬀﬁ
"8&&	\/U_g/?&4 QA(PS,]U_g/.U*fh^iﬁ_S1/	ºDY¦ª6ÅFÃXÀ$Í^Åi	6²Sº6Ñ#¥  ¦£®¡Oº+Å	XÃ6Ã?¶
¿ÁÀ$Â=¼+¶B³ﬂ¥SY§Pﬁ¶Ð¼D¡6 !=}ª6Y¦£®PO¢e¥S£®3¤g¡X=cP·D}?ªYF¦·D®Sª/¥?e?}Ð§c¡XD»6Ä«
´¦e}¡6?$¶ M }6º#F¢®¡6$ºAj?*'k*\&lU*f8 *QBQBSGm/	U
/*?¶  ¬L¤H¡6´¢on ?}»6e}M©
×Be3eFºBÅi	6ÀPÆO¶
¿ÁÃ$Â=×B¶'2B·D Z¦ﬃ¶J¯Y¡X¥?¯?¡PµEB !¡6e}¡XYP£Y¦Y¢§c¡6D»XecPe}¡XYP£+®ªXYP£}$¶M5¶D»6¡6
Êﬀ´¦Y6§ﬃºAp¶ﬀ¹?¡X?Y?º 9¶ 
+O?}$º¦Y¢'³¶×B£}¡D¡6ªOº$¢D}e¡6Fº8J8SQqUr=/'*fts
*-*u?	0f1U*Qv9U.OfwQB1/]?UO.\xW*106(Pfy.\u	g\/l0S,/*ﬁTvﬀﬁB ffz
{0SSQº
YPªXÅ_	$Í?ÎPÆLÃS¶ﬃÊP ¯Se¨¢Dª6an ?}»6e}M© ×TeFºﬂÊ¦ ¯?e¨¢DªX6º2B?ªX£Ë¦Y¢
@33µﬀ«
|¡6·+º+Å	6À_	?¶
¿	$Â=³¶ Ô1¶=  }£®£Mº  ¶#×ﬃ$P´§­6ºﬂPO¢ÐÑJ¶f©D»L}£}£M¶ ﬂ?} Z¦e}?ªeOF§E¦ P¥Se¡6 PF¢
P?Se¡LX§Z¥Se}?ªeOF§e©DDe?3e}eF¢¯D©*¥?£}F¶BZ[ﬁ7}!10S'U*f~ *QR(.S,]\º?²jE ÎXÀ6ÀlÍ
Î6Ã_	?ºOÅ	6ÃXÃ?¶
¿}ÅFÏ$Â8>6¥?£}¨) }ec§eD¯OeªO¶ §§c3L¦Y¢¢D}´§c¡X¥?e=§c¡6Dc¬?E ﬂe}ª6?}?ªS®c§±X§§cDJ®
e©DDe?3e¨§[eOF§ﬃ¶oM
	
v]A"A"R"AF\uiK`K,Pº?OPª6 ?L?Dº+Åi	V	6ÏS¶
¿}Å6ÅcÂÌ[¡Xeª6) ¡6¥Sª6De¡Xﬃ¶$Z['B&S'	/*v^!U**S'U
`ab<8/U*f1*S'0uaU7 *QR(.S,TU
s
gﬀ*.UfC&,0f~¶#×BY³Ve?}Fº.n ?}»6e}M©*¡¦¤T¼D¥See­¬ ºBÅi	6ÃVS¶
¿}ÅFÎ$Â8>Y¶Á×B¶
+µ}PO¢/¹ﬀ¶ ¶Y×BP·66¶ ﬂ¥?¡6 Pe$¢£}®«q©LO§ePO¢eOF§Ð©DL?®¤g¡6
§YPc6§c¦?} ZP}¡6ﬃ¶N DJFBHFºSYPªXÅÆD²$Í+ÅÆLÀSºYÅi	6ÃXÀ?¶
Æ
¿}ÅF²$Â?5P· 
 }¯Y Z¦=PY¢  ¶-
:¶6Ñ:¥Y§?e¯Y¦¥? /¶O¼De¥Y§c¥?ePO¢¥?´¦ª6¡P¤ﬃ§c¥?eDﬂÑ:£}£

ﬃ¦¯?c¬?¡=Y3F§ZSe¡6ªX´¦ *F¶OBF§??¨§¦£!5 !¡6´¦Y¢D¥?  A5 ÅXÅFÎ6ÎXÇ$«eÃ6ÇXÏ6À6²SÅc«
Å6ÅXº#
 
Ñ#3£®£
ﬃ¦¯Y¡X´P¡6®3FºﬃÅi	6ÃXÇ?¶
¿}ÅÆPÂ³¶  ¶.5¦e´¦e¡O¶Bﬃ`(ﬁ	=\	]('/*l\-aﬂ@U*OU*.ﬂN-`0uB" @U*U,*1*Q 
*v0-
s
	'*f1*/	U*fPF0.{\S0-P¶#ÊP ¯Se¨¢Dª6An ?}»6e}M©Z×TeFºBÅ	XÃV	?¶
¿}ÅFÇ$Â  ¶D5§Ì[¥Se·ÐPO¢>Y¶56§³J¡6OP£¨¢+¶$ $Pe}?ª£}}?=PO¢e3}?ª»6¡XË§­F¶ j9U
S3º
ÎV¦ÆeEÁÀPÆ%$ÍÀ¦ÆLÃSºLÅi	6À_?¶
¿}Å$ÂÊ[¶6×ﬁ£¨6§Y¦¥Y¢+º3¶ ¶6Ñﬀ6¢D£}$ºL¦Y¢O5¶6¼DF¢D Pﬃ¶
 ®Sª6¥?}e¨§#}e¥?ﬀ}¤qX§c¨P£Y¦D«
} ZP}¡6ﬃ¶+M$31¶.5¦ª6?3YPÄ«qY¦£} ZPS ¦Y¢*³¶DY¦£® P?ﬁºPF¢D}e¡Xe$º *QR(.S,T0
"8'QOU
/*V K*XºDYPªX=Å$Ç$Í²XÏ?¶D¼D?®Sª6Ä«gY#3e£¨PªOº+Å	V	SÅ6¶
¿}ÅFÀ$ÂÊ[¶6×ﬁ£¨6§Y¦¥Y¢+º'5¶
#¶Yﬂ¨P¥Y¢ º6PY¢1 1¶*|P?¨?¶OÔ¥?£}c«Mee¥Y§­e¥?F¢½¤q6§c¨¦£¦?} Z¦e}¡6
e©De /¶M<F' !"RF?K*X ºﬃÅ	_	6²S¶
¿}ÅFÃ$Â¼?§c¡Xe=×B»6¡XePY¢5Pe·¼DF¢D Pﬃ¶*Ì?cPe}?ª§c¡6De­¬¥YP£}£}©P??¡6?¨Pe
}L¡6Y¦e}¡6ﬁ¶ﬃM&	*ﬁ&4vﬀﬁOe
ﬀ *0
00.	Bv/'vﬂS=(ﬁU*  DﬁU=('T0
8ﬀﬁ8"9\
	\/U
/*v&*O QA(PS,]U_g/.U*f[^D*SG /	=º?Y¦ª6ﬂ²X²6Î$Í?²PÆDÏ?º'neF§DFº
Å	_	6²?¶
¿}Å	$Â¼?§c¡Xeﬂ×B»6¡Xe¦Y¢+5P·Z¼DF¢D Pﬃ¶n e}?ª*§c¡XDec¬?ﬂ¡eOF§c~¤g©!®D¡6Y¦e}¡6!®
eOF§*©DL?®$¶OM
	
d]NﬂS_ﬃ`(ﬁ	= KX6ºDÑ#£}®ﬁº?Å	_	6²?¶XB¡P?OFP$¶
¿ÁÎ6Ï$Â?5P·=¼DF¢D Pﬃ¶?¼De¥Y§­e¥?ﬂPY¢1}L¡6Y¦e}¡6ﬁ¶'^!U**S'U
`ºXY¦ª6Î_6ÏlÍÎV	_?ºXÅ	V	SÅ6¶
¿ÁÎ?ÅcÂ8>LX§°X¥?B·6ﬃ¶?*¢®e®¯S¥?e}¡6¡P¤ﬂ6§§c3L}/}?e¥Y§ce}¡X?=P½¤g¥?O§ce}¡6
¡P¤#¢D}´§c¡X¥?eee¥Y§c¥?eX¶A^!U*ﬁ_S'U
`aU.Bﬃmg0S'	=gSº?ÎXÀOEÁÎV_	$ÍÎXÃV	Sº?Å	XÃPÆY¶
¿ÁÎ6Î$Â³¶ﬃB¡6O¡6¥?£}¡X ¦Y¢)p¶ÐPe$¶k$§eS?¨°6¥S¤g¡6e$P£}}ee¨§ ¤q6§c¨¦£# *¡?¢D£}£}}?ª
PY¢bP?} Z¦e}¡6ﬁ¶ M 3¶@5PªX?Y¦M«MYP£} P?'PY¢f³¶:YP£} Z¦?ﬃºﬀF¢D}¡6e$º
 *QR(.S,T0@"8'QOU
/WV K*Xº?Y¦ª6ÆDÇ$Í?Ç6Ã?¶D¼D?}?ª6Ä«gY:e£¨PªOº+Å	_	?Å6¶
¿ÁÎ6²$ÂÔ¶%+6§Y¦ee·DMº=¶ ¶ÁÊ[¶5¡6Y¦ª6Y¦ﬃºD³=¶ÁÔ1¶V
ﬃX¢?¢+ºDPY¢ >Y¶?³J£}}ﬃ¶ﬃÑﬀÔ/e³[Ì?2/EDÑ¦e¨§
eFPc§f¡6 ®D¡6Y¦e}¡6}Ð¢D¨P£}¡Xª6¥?ªX?cPe}¡Xﬃ¶BF§??¨§¦£eO¡6Fº/ ﬂÊÔÊﬀE
n?}»Xe®M©!¡P¤2#¢D}D¯?¥?eªXﬃº+Å	_	6²S¶in ??¥?¯?£}}eSF¢! ZPD¥?c§ce}?$¶
Ç
